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Abstract. Star clusters represent the most common 'mode' of star formation. 
They are found in all types of environments, cascading down from galaxy groups 
and merging pairs through starbursts to normal galaxies and dwarves and even 
isolated regions in extragalactic space. As they maintain a link to the overall 
star formation in a system, they can be used as tracers of the star formation 
history of environments located at distances prohibitive to the study of individual 
stars. This makes them ideally suited to the study of mergers and interactions 
in galaxy pairs and groups. In this work we present observations of the star 
cluster populations in the local starburst galaxy M82, post-interaction spiral 
NGC 6872, the "Antenna;" merging pair and two compact groups, "Stephan's 
Quintet" and HCG 7. In each case, we extract information on the clusters and 
their hosts using mainly HST photometry and Gemini spectroscopy. 



1 Introduction 

Star cluster formation is not limited to the 'classical' environments of galactic 
spiral arms and bright bulges. Over the past two decades, observations have 
found them in all types of quiescent lieus, a discovery that contributed to their 
characterisation as the single 'mode' of star formation. As such, they are quickly 
becoming an alternative to stars as tracers of star formation in the environments 
in which they are formed and evolve. A great advantage presented by star clus- 
ters is that they shine bright even at extreme distances, beyond the boundaries 
where individual stars perish below our detection limits. 

The current state of star cluster research allows for many assumptions to be 
made safely, based on the large volume of existing information. One of the first 
discoveries was that of a power-law luminosity function, a distinguishing factor 
between young and globular clusters. A good understanding of star cluster 
disruption has helped to decipher the observed age distributions and allow for 
the hypothesis to present itself that young massive clusters (YMC) are equivalent 
to the methuselaic globulars - once thought to be a unique class in the history 
of the universe. And as time goes on, more of the fundamental properties of 
cluster populations are being revised, revisited and updated ~ e. g. it has been 
suggested that the sh ape of the initia,! mass functi on (CIMF) is well described by 
a Schechter function ( Gieled [2009al : lLarsenll2009l ). This results in a luminosity 



function (LF) with a luminosity-dependent logarithmic slop e, which stee pens 
towards brighter luminosities (see the contribution by Gieles; lGieles|[2009bl ). 

The described knowledge of cluster populations allows for the extension of 
their use to far away environments, where only the brightest part of the LF 
is observable. Understanding the underlying statistics is essential to drawing 
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Figure 1. The left panel shows the direct age fitting process employed for 
clusters in M82. Since the metallicity of the M82 ISM is known, we fit with 
age as the sole variable. After obtaining a reliable age for each cluster, we plot 
the age distribution (right). This shows the cluster formation history and, 
as star clusters express the preferred mode of star formation, the starburst 
history of M82. From this plot it follows that, after a period of low activity, 
the galaxy undergoes a burst of star formation at ^ 250 Myr. A further 
~ 50 Myr later, the starburst has spread across the disk. After reaching this 
epoch of maximum star formation, the activity declines steadily, until at a few 
Myr in the past, cluster formation is confined to the nuclear region (dashed 
line). 



results in such environments, a comprehension that we are very close to possess- 
ing fully. Following this path, we present our studies of young star clusters in 
a number of interacting systems and test the extent to which our high-quality 
imaging/photometry and spectroscopy can reach in terms of studying these sys- 
tems through their cluster populations. 



2 M82: 200 Myr of formation and evolution in the original starburst 



In the context of this study, M82 provides a nearby test-case. This is a starburst 
galaxy that has been producing clusters at a high rate over the past 220 Myr, 
the time of the triple interaction in which M81 a nd N GC 3077 took part. The 
interaction time-scale was derived bv lYun et al. ( 19941 ). through the modelling 
of the Hi gas in the M81 gro up (based on high resolution VLA data) . I n our 



recen t studies of the galaxy ([Smith et al.l 120071 : iKonstantopoulos et al.l l2008l . 
20091 ). we have provided the first observational evidence towards the age of this 
interaction. By accurately age-dating each of 49 clusters in our sample, we 
derive the cluster age distribution that we relate to the starburst history of the 
galaxy: after a period of low SF activity, we find a burst at ~ 250 Myr; the 
burst spreads across the disk over the following ~ 50 Myr, reaching the epoch 
of maximum star formation at r ~ 150 Myr; this is then followed by a gradual 
decline in cluster formation rate (CFR), until the only actively star-forming 
region is the nucleus. This is very we ll matched to the theoretical scenario 
offered bv iForster Schreiber et al.l (|2003l ). 
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3 NGC 6872: beads on a string 



NGC 6872 is one half of an interacting pair of galaxies. While its partner, 
IC 4970, appears to have maintained a fairly normal morphology, NGC 6872 
has developed imposing, long tidal features, on which one can easily spot cluster 
formation as 'beads on a string'. Most interestingly, this new wave of star 
formation seems to only be affecting the tidal tails and not the main body of 
the galaxy. 

In this galaxy, we studie d a handful of c luster s in the tidal tails following 
the methodology described in Trancho et al. ( 20071 ). We found them to belong 
to a generation of star formation commencing no longer than ~ 100 Myr ago. 
A very interesting observation pertains to the metallicity of these clusters, that 
displays a clear outwardly decreasing gradient - from super-solar nearest to the 
body, to sub-solar in the mid-extent of the tail. More information is provided 
in Fig. [21 






Figure 2. Optical imaging of NGC 6872 (VLT) with Gemini MOS slits 
over-plotted: red (solid) slits represent absorption line objects, i. e post gas- 
expulsion (age > 20 Myr) and we quote the age in Myr and the metallicity 
{Z) for each cluster, in solar units; green (dashed) slits denote spectra with 
emission line features, that are most likely shrouded in their natal gas (this 
can be inferred by the spectral signatures of emission and absorption) , with Z 
quoted. As this work is in progress, yellow (dotted) slits are yet to be studied. 



4 The Antennae: orderly formation in a chaotic environment 

The Antenna are one of the most studied environments in the local universe. 
They provide an exquisite laboratory for the study of star cluster formation 
and merger evolution. Here we present the results of a spectroscopic study 
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of 15 clusters in the main body and tail of the galaxies. We obtain ages and 
metallicities through the Trancho method. The most striking feature of this 
population is that 13 out of the 16 clusters seem to be co-rotating with one of 
the progenitor galaxy disks. This suggests that, even well into the evolution 
of this merger, star formation is still proceeding in an orderly fashion. We are 
therefore witnessing the first 'randomisations' of cluster orbits, w ell before they 



are kicked into the outskirts. These results were extracted from Bastian et al 



(|2009l 1: we refer the reader to this article for figures and further information. 



5 Stephan's Quintet: multiple interactions and tidal tail formation 

Over the preceding sections we demonstrated the use of star clusters as tracers of 
galaxy interactions. We will now apply the same techniques to far away galaxy 
groups, where clusters are invaluable as tracers of star formation. 

The first group we visit is "Stephan's Quintet", a merging/interacting sys- 
tem of five members situated at a distance of ~ 100 Mpc (Fig. At the great 
distance to this group, we can resolve the high end of the cluster luminosity 
function (CLF), which translates to high-mass clusters, as we expect most de- 
tectable clusters to be young (r < 1 Gyr). We have obtained spectra of clusters 
in the tidal tail (TT) south of NGC 7319, as well as the northern starburst region 
(NSR) and the overlap region (OR) between NGC 7318/9. Spectral ages (again 
ob tained through the Tra ncho method) agree with the photometric age-dating 
bv lGallagher et al.l (|200lh : between 10 - 100 Myr in the TT, < 10 Myr in the 



NSR and < 20 Myr in the OR (slightly older than previously predicted). In the 
OR we find some clusters that are best described by ages of < 10 Myr, but are 
already devoid of their natal gas cloud. Their location, however, is extremely 
bright in X-rays, indicating the presence of a strong shock front. One possibility 
is therefore that they have been stripped of their natal gas entirely (or to a 
great extent) by an external process. The fact that some of their neighbours 
have survived to ~ 20 Myr, coupled with their high masses, might thus offer 
some indication that massive clusters are more stable against disruption. 

A bonus offered by the use of spectra is the radial velocity (RV) information 
contained. We used the cluster RVs to relate them to one of the galaxies, thus 
estabhshing that the tail belongs to galaxy NGC 7318A (see Fig. [3|). 



6 HCG 7: the path toward a dry merger 

As shown in the previous section, the study of compact groups can be greatly 
enhanced by an understanding of their cluster populations. We used HST and 
Spitzer imaging and VLA Hi maps of HCG 7, a group of three late-type and 
one early-type galaxy, to derive its interaction record. Interestingly, we find that 
record to be blank, with no interaction history between the four members of this 
group. This is testified by the distribution of Hi gas that is contained entirely 
within the individual galaxies. Interestingly, the high star formation rates in the 
individual spirals, as derived by both the cluster formation rate and their FIR 
luminosities, implies that the galaxies will deplete their reservoir of Hydrogen 
gas before they start merging. This would produce a massive elliptical galaxy 
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Figure 3. The multiple interaction in S5, as captured by HST (south is to 
the right; GMOS imaging in the background). We used spectroscopy to con- 
firm previously derived photometric ages in difi^erent regions (colour-coding 
follows Fig. [2]). Again, we find ongoing formation since perigalacticon. In- 
terestingly, the clumps on the west side of the NGC 7318 galaxy pair (A, B 
in a left to right arrangement) are apparently being stripped of their natal 
gas, possibly due to an external tidal stripping mechanism. The age, size and 
mass of the object at the edge of the TT suggests that it may be a tidal dwarf 
galaxy in formation. 

with no recent SFH and no X-ray halo. We therefore speculate that HCG 7 is 
the precursor to a 'dry merger'. 

7 Summary 

We have presented a number of studies of interacting/merging galaxy pairs and 
groups, based on their populations of star clusters. We have used cluster spectra 
and colours to directly draw information on the interaction timescale, the metal- 
licity of the environment and galaxy dynamics. We have used this information 
to derive the current dynamical state of these systems and lend support to sce- 
naria for the evolution of isolated starbursts and compact groups as a whole. In 
all, we have demonstrated the diagnostic strength of star clusters for describing 
and characterising various classes of interacting systems. 
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Figure 4. HST-ACS image of HCG 7 {BVI composite), with Hi contours 
over-plotted. The absence of gas from the intra-group medium is indicative 
of a blank interaction history between the galaxies in this group. The high 
star formation rates of the early-type members suggest that the gas will be 
depleted long before the galaxies begin to interact. Thus, HCG 7 is quite 
plausibly heading toward a 'dry merger', where the end state is a massive 
elliptical galaxy with no X-ray halo. 
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Institute which is operated by AURA, Inc., under NASA contract NAS 5-26555, 
and the National Science and Engineering Council of Canada (SCG). 
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